Introduction
Scheduling is to properly allocate resources over time to perform a collection of tasks. The practical problem of scheduling arises in a variety of situations. For manufacturing systems that are responsible for manufacturing and transporting products, there are unavoidable waiting queues in front of machines because of the limited capacity of the machines and other factors, like technology and social conditions. The lead time of an order is often several times (5 to 10 times) of the processing time [2] . The control of the waiting queue or the waiting time by means of scheduling to meet various criteria is an important aspect of production control.
There are generally two kinds of major requirements of a manufacturing system: the customers' satisfaction and the resources utilization's optimization. In practice there are plenty dispatching or priority rules being used for ordering the jobs in a queue in front of a machine. Each rule intends to satisfy a special criterion. The often encountered criteria are, for instance, lateness or tardiness minimization and lead time minimization.
Since a manufacturing system is always a multiobjectives or multi-criteria system, it is important to have a way to easily make compromises among elementary criteria. A lot of work has been done to achieve such a compromise by means of the so-called aggregated rules which can provide intermediate result of the elementary rules of which they are composed [3, 4, 51. But there is a problem of easily adapting these aggregated rules which are necessary when the manufacturing system changes. For a recent survey of dispatching and aggregated rules we refer to [6] .
Work has been carried out to make the scheduler more flexible and adaptable by means of advanced technologies, like fuzzy control and neural networks [l, 4, 7 , 8 ] . In this paper we present a new approach to make a compromise by using fuzzy control theory. The balance of each elementary dispatching rule can be realized by modifying the fuzzy decision rule base. After a brief introduction of the suggested approach in the next section, the model which will be employed for our simulation study is illustrated in Section 3. The simulation results will be presented and analyzed in Section 
Fuzzy scheduling approach
The fuzzy scheduling approach provides a way to combine different dispatching rules with potential adapting ability. It doesn't depend on what rules will be chosen. According to Grabot et al [l] there are three common applied rules in present scheduling, namely shortest processing time (SPT), slack time or earliest due date (EDD) and priority rules. We shall emphasize in this paper on the compromise between SPT and EDD rules on the basis of reasons in [l, 91.
Before we go on with the approach itself, we shall give a brief introduction on fuzzy control theory. The fuzzy control concept is based on the fuzzy set theory, which was introduced by Zadeh in 1965 [lo] . This theory was introduced to represent and to reason with fuzzy or linguistic concepts and is able to tackle several interrelated linguistic variables. For more information on fuzzy set theory, we refer to [ll, 121. In this study the input variables sent to the fuzzy controller are processing time ( p ) and due date ( d ) respectively. The first step is to represent these two variables symbolically, and to associate fuzzy sets or membership functions with them as shown in Figure  2 . XS, S, N, L, XL means very short, short, normal, long, very long; XC,C,N,F,XF means very close, close, normal, far, very far; and XL, L, M, H, XH means very low, low, medium, high, very high. The N/F will transform the numerical input values into fuzzy values via a mapping process. With observation po for processing 195 time (Figure 2(a) ), the corresponding fuzzy values are pxs and p, in the XS set and the S set, respectively.
With the observation do for due date (Figure 2(b) ), its fuzzy value is p x c in the XC set. These fuzzy values represent to what degree the observed value belongs to each set associated with the variable. The reasoning process then evaluates the decision rules with the fuzzy values obtained. Mamdani's implication and inference ill] are employed for the reasoning process in this study. The hatched area of priority (Figure 2(c) ) is the combined fuzzy set obtained by evaluating two relevant rules in the fuzzy decision rule base (Tablel). The first row is the five sets associated with processing time p and the first column is the five sets associated with due date d. The fuzzy values obtaiiied by the reasoning process will be used as ordering priority after the defuzzification process. The defuzzification process, performed by F/N, translates the fuzzy values into crisp or numerical values, pro. The membership functions which are needed for the fuzzification and defuzzification processes are stored in the KB. The decision rules which are derived from the knowledge about elementary dispatching rules are also stored in the KB.
The method suggested in [l] to balance different elementary dispatching rules is to assign a weighting factor for each elementary rule and to specify the weighting factors according to tlhe importance of each rule in the aggregated rule. The balance can be more intuitively and easily realized in the rule base itself. Take If we shift the items up or down along this diagonal the relative importance of each elementary dispatching rule in the aggregated rule will be changed. In Table 2 , the due date rule become more important comparing with that in Table 1 by shifting some of the items up along the diagonal. Thus the processing time rule become relatively less important in the aggregated rule. In principle we can modify each item in the rule base to balance the two elementary dispatching rules with different importances, if the rule base satisfies the constraints given in [ll] . These two rule base will be employed in the simulation study later in this paper.
Simulation model
For simulation there must be a model of the system. A descriptive model of a simple system is realized using a formalism for the description of parallel cooperating process. The model consists of a number of processes and channels connecting these processes [14] .
A job-shop (JS) together with its environment, namely customers (Cu) and suppliers (Su), is shown in Figure  3 . Customers ask for various products from the jobshop by means of orders. Each product follows a given process plan or a recipe that specifies the sequence of machines it must visit and the operations performed by these machines. Suppliers are responsible for supplying the required material to the job-shop. A workstation is presented in Figure 5 . There are unavoidable waiting queue of jobs in front of machine (M). The waiting queue is often modelled in the form of a buffer (B). The buffer has a limited capacity, so the waiting queue has a limited length. This queue is ordered on the basis of priorities that are specified by the fuzzy scheduler (FS). Buffer B sends processing time and due date information to the fuzzy scheduler, and the fuzzy scheduler will make a decision on the priority of each job following the aforementioned approach. The machine keeps on picking up the first job in the queue to process.
Simulation study
A series of simulation experiments have been performed with the model to investigate the scheduling performance. The abbreviations mlt, ml, mt and nlo Figure 5 : A workstation model are used to represent the mean lead time, mean lateness, mean tardiness and number of late orders respectively. The unit for mlt, ml and mt are hours. The first series concerns how many fuzzy sets should be associated with each of the input and output variables. The more the sets are chosen, the bigger the fuzzy decision rule base will be. It is expected that better performance can be obtained with a big rule base, but with an enormous complexity. The results are presented in Figure 6 . When three sets are associated with each variable, the shortest mlt is obtained with the biggest ml. The results with 5 sets and 7 sets are better in the sense that they provide a good compromise between the two criteria. Since there is only a trivial difference in scheduling performance between the 5 sets and 7 sets case, we shall use the 5 sets case for the simplicity reason in our further study. To show the ability to isdapt the scheduling compromise by means of adjusting the fuzzy decision rule base, simulation experiments have been run with two different rule bases as aforementioned in Section 2. From the simulation results, refer t o Figure 8 , we can see that they confirm what we hi%ve expected. The due date performance by applying rule base 2 is better than that by applying rule base 1. This kind of easy adaptable scheduler is a promising alternative for solving scheduling problems. The method doesn't depend on what elementary scheduling rules will be used. So any two elementary rules can be aggregated and adapted in a way as suggested in this paper.
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. Conclusions and recommendations
The optimization of the resources' utilization is an often encountered problem in systems, which requires the use of scheduling technique. The suggested scheduling approach presented in this paper illustrates how fuzzy control concepts in a pragmatic and direct manner make the compromise between different dispatching rules possible. The combined rules provide intermediate performance of the system comparing the elementary rules on which it composed. The balance of the elementary rules via the fuzzy decision rule base adjustment shows the flexibility of the scheduling approach. Any individual elementary dispatching rules can be combined by using this approach. Further study should be carried out on the comparison of the classical and fuzzy aggregated rules, and on exploring a systematic procedure to design a fuzzy scheduler. A three or more criteria compromise by combining three or more elementary dispatching rules also deserves further study.
